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(54) MICROWAVE ANTENNA AND MICROWAVE 
PLASMA PROCESSOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a microwave 
antenna capable of suppressing the reflection of a 
microwave on a connecting part. 

SOLUTION: The microwave antenna is provided with an 
annular first tubular part 11a for propagating 
microwaves, one or plural introduction ports opened on 
the side face of the first tubular part 11a for 
introducing the microwaves into the first tubular part 
11a, a second tubular part 16a connected to this 
introduction port for supplying the microwaves into the 
first tubular part 11a and plural openings 15a opened on 
the first tubular part 11a for taking the microwaves out 
of the first tubular part 11a. In the antenna, microwave 
matching equipment 30 capable of suppressing reflected 
waves generated on the connecting part of the first and 
second tubular parts 11a and 16a and inside the first 
tubular part 1 1a is provided in this connecting part. 
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(54) v-f ^D»z>^R^-7<^D»^7Xvjaa«e 



(57) mm 

»llat. SlfWl 1 afi'w^n&fcjgA-r 
< *S l *#» l 1 aOfMSKSMftStifc lX«i|»Bc<o 
&APi:, :<0|APi:gl?Jl, * 1 1 1 a 

— T>f *n«*#ffrt.&;ft©fc2lMfca51 6 a ^1 
S^SPl 1 aUHttSit, 1 a 1*1*^ -7 -r 

^o^^^i)ffi-t^oiaS5:<7)SP 1 5 attfifc^-f 
^n^T>x-fo 1 3^121^1 6 

aO«iBt»K, i««tMO'llf»rtl 1 a -C-H 

£-r * * mm -t *> z t im m « -7 * n ^g^s 

3 0 Zffiz.2>mfcX-*>2> 0 
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*ie* i WKasaawE*^ tf^o*««u-7>f * o 

r£g£-f?£fli;L * £ £ t -r& "7 *f * n?£r > f 
To 

i*e* i mm i flpttauaimB* 2 ««spco 

t t -t 4 v -f * n^T > r-'fo 

o«rc*ift«i*jwttiitflraEi-*ii:**a*4w*3ii 

S&l*k i»E* 2 X««rlE««*rtUl*A§*t 
4****#U BE*iWiOifA*tHrSE-r*Ct*«ta 
*4ff:£S 1 - 3 4>tt;ruH=ett«>-7 4 * °i&7 > f 
i-o 

-r ? Djfue^«oiHrR«#««iEi»-r«eitffi2:. mrE 
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[tt*«8] 1WE* 1 *#»I4, 
4»#S 1 ~" 7 COfBItL^t-E^COV^ ^ d^t >xt- 0 

[8t#*9] «rE* 1 ffttffit*, «rEHPj**njttis*t 

fcf&lfflliBi:, RfclWWKitXU £^l-*+|6rf 4 2 

* 3 HWt!> ? R» 2 Wic#»inrtlt:^ 9 ft It T* 4 IMS 
a l - 8Ef£^-7-f *n}£7 >y-T 0 
[f*SlO] T>f ^ n j£ 4 SSMtOljSl^ 

/o »i*«»o«iBKRiia;$n.fcix«iasc«>*APfc» 

<0 n □ t S: fig x. -7 -f ? n jfc r > 7- -f I- ±J v > X > 
1WE» 1 *tt»l±» «rEHP* f BIW!S*ifc»lfllfift, 
»»1«BUS:5EL, 5lv^c*t|6]-t--&2ooSl2filMi: 
* s -#S£B$tL, |g*2ffill®lZtt351-4^3ffllSd ? |g» 

2 niM{c»i8iDr^t;^ #»tr** c t 1 1-4 
20 [»*«n] mtifH3mmn. mum 2 mmi ^-t 

BK«R<OtaCKii?rc*>ft»t<biT., R*ti:<?>»l»)#»t 
fi«<4, t»E*oip $oi|»^c>«rE* 1 WcSBOrtgp 
#«J-C*4»*«9Xlil OSt^OnfT'/f 

[«f*Jii2] mtffi 2 mm* 3 mm 

tit, *E*l*««<0*M»*r(ou» ««Lftv»a^ 
HSr*Lrv>&iB*Jl9~ 1 1 <0^tt^lcE«O-r^ ^ 

lt*«13] -gP^itihSPItT-itihLT^^^ffl*! 
i0 ^> «rE»ih«*tSraa**r^-f ^Q«*i||tXL, R 

■t-tfll*., R-r'f ^n«r>T"J-o«rEHP*nttE»Jh 
at*t(C*t|6] LTv>4 i b i&Qkt tiv-f ^ n^^X 

40 3iaL&^«fc?K, flJE^ihffli*t ; Sra9^< ^LT*^» 
[0 0 0 1] 

^ nrST > 7- TtfUtm L v 4 ? n i m ^X±$L t 
50 7*5X^1; .tor. ffftMXiiMf'^^u^ffl 




3 

[0 0 0 2] 

4t4^7X-7(i, LSIXI±LCD*0»a^n4:^ 

fi2. 4 5GHz070njSSfflv^»^t, 13. 
5 6MHzORF (Radio Frequency ) £fflv>£3H^i: 
* o ffif#(if*#C Jt^Ttt^KO 7"^ X-7**# <b ft 

[0 0 0 3] 70D«ifflv^^X7jiil 

* f H»IT*o^o Lri*U 7^^ni7 4 7X7j!iItf 

ot*PgO*|#«S, LCDffl^7^S«fOM 

^tfJUAfi. 4f B¥2 000-10635 9#&« 
Ki3V>T, (HI 6 0fflBf®[HS^iIl 7 0?IiC^t 

7M^i^S*LTv^ 0 
[0 0 0 4] 107>f ?nWL-f7X~?&L1&gzmi±. *JS 
R«»«OKJe» 1 fo^7iK-^r« 

[0 0 0 5] »ih*4Utt, i**te&K*Rj&»Rfcigfc 
JBLTi**/^-»*tl 7j&**MRL"C* »K 

1 7(iRfi5Sl±(cH5ELT**o # 1 7(7)1 
ffiUii, RSSfl rt^^-f ?ufa*&\-?Z>tztb<OTy 
f-Tl OTi^tTab^o 7>rtl0(i, #M-SB*tl 

Uft«LT&&iW«ijft»a7V-r^»l l£fitx.T£ 
*K 1 7C05R«t*^«M7>T-^-ai lK*t 

ftti»»i:ii1l»o||Pl5, 15, -tfmWt^Xtb 

[0 0 0 6] ««**frfflr>x^«l 1 l±, RJoSl 
*«*ar 1 IrtKtt, r7n> (fiftj&ai) 
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>mm (&iuiif7D>) i 4 l 

"C ^ o 

[0 0 0 7] *AgBl 6UJ4W ?nj£f£igf!2 0^<b 
ffiRLfc*«f2 1ii«l«Lr*i), -^^QiftlHfiS 

14, Wl^ifc*fiT>'r-*-»l 1 £5>>K&7J|6]^iifr 
iO -fZMffWLt LT, SR*t*&Sfflr y-r-^SPl ll*l<OS§ 
*#l 4+4r<£*U Wjtfnfel*, iWWtaTVf 
^-gpi io«rlB*APUWi*ii-*tl«-c«*Lr5e«« 

[0008] :oti, n***«fflr >7-^»i 1 1*1 

MTE 1 0Ct4J:9i:» *n#W>««S:2. 4 
5GHzCJt.|:t, SMKJWMrar^'HRl 1 <7>-+& 
20 2 7 mm, ip§ 6 6 . 2mmi:iLt*l> 0 CO 

& < aM*»«[*aiT >-r^se 1 1 ft<?>ffiw.fci 4 ^eie 

[0 0 0 9] t tz. l£g^3 8 0mmOa"ik|g4 *m 
v\ S*ttfl7 >7-^§&l li: £ r (Jt»*sp) = 
2. I(0r7n> (SftffitR) 4rrt«Lfc*S\ 3Rtt* 
?fi«MT>f-76Cl 10ti>!i^iM$fl7>ft 
SB 1 1 OipgTJftO^iT-O^ifeSr, HlmmWL 

50 [fijcO^^^M^ROSTjI^Oft? (B&8 8 6mm) 14, 

wR*ft*H7 1 ii*3*e«-r*T^^n*o 

ifcft (B&l 1 0mm) OH&SE§&fre*.&o -5"<0^> V>f 

*n«i±3t^«»fflT>x-*-tti irtt*iLT, iff 

fi«-C-fim)E • *K T >x 7^ 1 0 OQ^fa 

[0 0 10] BSD 15, 1 5, —J±, */-f-S5*j-l 70 

T-^gCl l^fjSLttStii,^ *HP1 5, 1 
5, — <0S?(i5 0mmt**>*)> $SI*2 0mmT*ab-&o 
^BOl 5, 15, —14, */<-gB#l 7l-B&Sc#t«(C 

[0 0 11] 75/^-SC*tl 7 0^*^. t ;(i % ^y^-gu^- 

i 7»rmjt«4 ^»a-r-2>»ii?w ? stsLr*f), c 

co Jt jl?Lt-«^- $ 5 «b ail 2 rt uBf 

50 «LaS2 0JS«K*f*^Ul4, ft 
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5 



•y^-> 7# y 9 * 6 L T J§5^r£S?/£ 7 tm%L £ KX 

[0012] ;o<t -) ^ nrsy^XTias^e?: 

}g$-ti\ -g-ftfcWI^ 1 ^gt7>ftl 0K*A 
tl0©BO15, 1 5, -S0 f Wjh«4 ^itiiLTM 

[0 0 13] 

r£f§«f?2 0*»ib**«2 1 ^@TS|«*^MT>x 
■7-8U 1 IZ&XZtiZt, 2 1 fc*|**j|Mrfl7 

<7)j >iz-yyxzi fimm2tix^z<Dx\ &m.mz 

So = (Zl -Zo ) / (Zl +Zo ) 
[0 0 14] COfcl, Zl =Zo tftftlf, 

liotft"), znvtMimRtttW, &&l>m.tix^ 

ZZtilfrfo LtJ*U il-t(±, Zl *Zo -t-*£<0 

7>T-i-im^tz^<ommx-(t, aut-vr * njgatw 

tr^ft (H«) toio*«f2 i?>g&73-K, T'f 

[0 0 15] StttilliMraTVx-HBl 1 fc*A«l 6 
T«<ft*, i<0J:-9t=Eit«ftji t «<**i:» ^'f* 
■HJ5 1 1 K<£***L4T'f ^njfeo«-6-*«fl|J<)Tfi< ft 
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* ± 1 f -5- X * & ^o^gs-g- 4 £ t « o 

[0 0 16] mttWfctffflTV'T^-Wl lrtKR 

ffiftl 4fjfALf:S^i:ii, 1 4 J: •) 

i&mmtmz x *) , 3r^*zkwmt > 7"^-a5 1 1 **«5s 

[0 0 17] *lfeW(i> ±JEL^J:oft*M«-l£ATft 
[0 0 18] 

««2io f iiiriE*2 <gtiiM<ommmz-? 4 * n 

[0 0 19] ;©-70nS7>ftTii, * 1 t^SE 

R?jltv^. KS 2 *APU»«fc$*t, ^1 

*tt»rt^'f ^n««rtt»L, «»<0B)P^ fj* If 

1"o « 1 f ttttSO'* 2 f *»0*|(«i:ixfcT'f > 

tww-r*. zfuzi. <o , mnmx<w<< ^u^^m 

[0 0 2 0] JS2l&W»-«4T'f ^n«ET>f-?-li, 

a5i*3-^ * n *ai--< < mretis 1 «*h»o«ihu 

MW:**tfclXtt««:oi»APi:, ^*APt-«^$ 

50 tt, itriE^ieticgcrt^T^^ojSf m&-tz&<7>m2 
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-f^ntr^ftc^t, Mien i *««ao f itffi* 

KIi:, T'f ^nJSJjE^H»S:fl|x.*CtS:1*«i:-r4o 

[0 0 2 1] Z.<T)-? 4 ? ufaT yf-i-X'lt. mimViU 
d'W^njft 1 XJ±«»0#APJi t » 1 « 

* nafet^txi-^ < * 1 «;K«o«iB»ciB 
K8*itv>i, * 2 i*APK*«3*U gi 

to ^lW«SP5.y , '*21:^S|50«fEa5^<b-7^^nzg[ 
OB& 1 iSS^Og $ «I1 trfft x. fc v * a 

[0 0 2 2] *3liCf4v^ J'Dtrvftli, v 

wmRcrwE* 2 fc wm-r a husk* 

[0023] ;©7ont7>ttm fcifNKSB 

Ksti-cv**. #2 *AP»-«tts*u gi 

•WWrt^'f ^niftS:tt*frL, McoRP**, *l« 

[0 0 2 4] JM&9IK#*-7>f ^ntrvftli, lift 
[0 0 2 5] ^OV'f^DijiT^ftfli, -7^^DiS 

*i<!:^til*^WT-, m^&>X-ff)-7 -i * a j£c7>R#t£«! 
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S 

[0 0 2 6] ^5«^(;#^-7^^D^r>^^-ti, ffr 

»*{«»<ojf A**iir*-r * c twin** z t *nmt 

[0 0 2 7] Z<7)-?j ^n)S7>ftT-l±, -^^n^ 
10 )J«m*4o CfrKJ:"), 2g##<7>Jf Afi£PfSpLT, « 

[0 0 2 8] *6 3&9§t::«4-*"f ^nl7>f ±H\ R 

20 [0 0 2 9] I<0v^^D«7>ftT*l±, ftUSSi'R 

[0 0 3 0] »7HWIw#*t^ ^n?ST>f-^(±, R 
[0 0 3 1 ] Z.<r>-7-i >njS7 >-ftT-li, ^aifl^S: 

[0 0 3 2] *8flWt-#S-7^^nt£TV7-^(±, tit 

ho 

[0 0 3 3] :©7>f ^njST>"r^-T*(i, 1 WWSC 
-f^nrgli, -eorfeft^l //" (c r) «Ffc*»t«<ft4 

50 ®uaii-f*mii* ? fe*i-£*&H7^<&tK -e-o 
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9 

[0 0 3 4] m9%WlZ&2>-?'( ^n?Sr >ft (±, *r 

*l«fflUi»XU 2</»tc**|fi]-r-&2o<D^2ffl|®i:** 
-HMEJBSfU »»2tiffiUl«[3!i-4*3«B* , tt»2 
«15U»RT>rilBUll»)«-itT**ii:4r«F»i:-r4o 
[0 0 3 5] iOvODST^ftm *lflMK*5 
14, gapa*ggt8:£*t*:*HMtBfc> fcUfflffitcE^U 

ifflB(Cit^i-^» 3 liffi^» 2 HllEK»i£nXf£(lJR ») ft 

fcO««W*SOfl±*ia*wi:j&*ffi**. HSP 
**Hltt**Lfc*l«lBi:»2«IWi:oa2:KS6UJ:4JiS 

i WHtftK >v-y>x<o-rtuz&®-rz>mimo<( 

[0 0 3 6] mi 0»W(=«4^"f^njRT> 7^^-14, 
v>f^o««r^£»?Hi:4S|ltto*l ft* 1« 

VtUPi^-n 9 n^S-gAI"^ < wiUm 1 <ffttfflS<0«B 

it, mtmi'gftsm^j z^om 2 

^fb-vf ? o?£S-ifti9 m-r»olj[ftoHP t Zffiz.tz-? 
<( ?uWLT>7-i-lzi3^x, «rlE» l «tt»«±, UtriEfB 

nwnii-* 2o<oH2fflffit7> s -fr«;B?*v, mm 2 m 
st-isss-f Am^ns* 2 wm-mimm-WL *> ft 

[0 0 3 7] ;<o-7^?ntr>ftr-ii, suetKSB 

^-v^n l XI4tt&0*AP* ? ffl 1 « 

K^tLxv^o m2<gyiwtiK *apu««es*u &i 

««»I*J^'f ^niftiftttL, WBfcOUP**, * 1 © 
■to »1«*»I4, ggp* s pgt5$ix^®lfflffii:, fcl 

»£ff££*u ^2ffljM(;ii:35i-4»3ii®* ? *2ffliffitc« 
[0038] ztiizz.*), mi mvmnftmzmwfoi 

p^ta $ ttfzm i mm t m 2 mm t o&za&m- 4 & 
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[0 0 3 9] ftl lf£WK#£W*ni£7>-r±<4, 
firffi*3ffi®(4, mtffi2®WiZ-tmizM&<»t3i£{z 

m s «j *4>a» e> «rsa» 1 «fc»«>rt««f <o x-h & z t s- 

ft&b-tZx, 

[0 0 4 0] Z<T>-?4 ?U%LT>T-fX\±, ^3iffi 

10 (4, %2mm*%1rmiztii&.<DtiClzj: <9JRi)fttt<b 

it, *tD<oni3ft»teai4, m2mm*%irm.<F>m 
*'i-frhmi l gtm<r>ft®&*)x~£>z> a ziuzxt), m 

3 mm b m 2 mm* t *3*hu*«(b*4 
m3mmzmMLxi>, ttz, nmmMw.TV7--r<r> 

-f > tf - r > * g^coT^TE * * Kt*-r 4 i t 

[0 0 4 1] mi 2fii:f4-7-f *n}£7 Vx^-(4, 
20 «rlB*2«lii**-*-*i:mrlB*31Hliifc(4, TWC»1« 

bitmb-j-Zo 

[0 0 4 2] ;<0-7-f^Df7>fttlJ, ^2fflS* 
fc1-gfc*3fl!ISifcl4, * 1 «*«ponW*mu, «M 

#2«lBS:4r-r*4:*»ll»-««iti**<iOT?, *3fflM 

^ttLtk s*cftti7vftoia«« 
> tf - y > 7. SE-fro/p^cje $ * ^*-r 4 w t ^m*, 

[0 0 4 3] »1 35lii:«4-70Di^7Xvj!ll 

$!ta^ Sr 4 "7 ^ n ^ y 9 X7 jaS^g U 4i v > 
T, W*^ 1-12 OfBj*t^^Kffe?tV7t-7'1' 2 nffer 
Vx^-Srffix.. ^n^rv-r-fO^IBSP^IE 

40 [0 0 4 4] Z<T>-?4 9 ntX7XvMMt-li, — 

4 0 bM^s 1-12 oftrjt^uiaffcsnfc-^-f ^ n^r 

>-r^-OSP* ? itiha5#t-W-|fi]Lrv^ 0 ZitiZX*). 

4 iJ^ftv^AS*^^ ^n^^T*7'9X-vST^A<± 

-r4d t^m5fe4o 

[0 0 4 5] »14^t:#4-7^?nj|7'7X-7ffil 
50 Hfi(4, SJIB^^^D^TV^^wmie^P^K^iX 
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[0 0 4 6] :07-f^nty7XTiISfT-li, t 
*tt»o*lffilliii:»jh»*j-*ai^»o*/<-»#to 

[0 0 4 7J 

it«4!4, i}-«:14S.y i '-7'r^D^iiiSti**1-^>i:*tc 
»««5fe***S v^3i#*5XXl4T * 5 -HPOlMttt-? 

[0 0 4 8] »ih«4 tZI4, r>7"t- 1 0 a^»?#tt 
f>tlTv>& 0 7>rt 1 0 a(4, §tih«4 fcS? 
» 1 7 a (* 1 fflffi) , ^ffiggp 12a (S 2 HP) , 
ftlllKffil 3 a (|2«) 5^±I2 3a (»3H 
ffi) *#U Cilfc*/*- ffil 7 a, ftflKffil 2 a, 
rtfflgffl&l 3 aS^±I2 3aCit), rtS|H::W * n 

«*e«iTi6&Jiitt«««air>^-?-»i la (*lf 

tttt) *«fiS:1-^o */<-»l 7 a, ^ffl^gf 

12aMMIil3ali, T;V- 5 -*j i*-fxi v tip 

[0 0 4 9] 7ai:ii, Sftf«fI7>f 

^-gCl 1 a^^v-f ^njSSr^ljai-r^O-ffiStOBgp 1 
5a, 15 a, S**iSf 17 /•ftffi 1 1 a<0 

tt£#m»-«WRURJISL-C**. ft, 1 7 

a, 2 aSimtlSSl 3 a (4, ±.&Ltc£ 

[0 0 5 0] WfflgSB 1 2 a & ZWflttffi 1 3 a (4, R 
SSI a«9*^«fcl^|>tct§:ttT&»K WM&SC1 2 a 

a^v^D*££*A-f &*:tf>0&Aan 6 a (823= 
4*c«S) «#j»&§£!7>ir^g|Sl 1 a cOjtS^fatc 
=&^J:otcaifeLT*^o -<0»ASI51 6 aSO f SS«« 
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iti7 >7-^gn i artutt, f7ov (gmmm) 
<r>±T%7-y mmm, ^jifi/^ wax 14 # u x w 
>»» (»i l< uf7D» &<nmm&i 4* ? rt«L 

[0 0 5 1] 03 ( a ) 14, ±g 23a JSa^fc^Hffffi 
mX**>2>o i]><-Ul 7 a, ftflSffil 2 a, l*Jffl|gg& 
1 3 aSf>*±I2 3 a (4, v -f 9 nr£OfI££ £PP$IJ-f 

4 v» r jk-^a riMt £ fir & 

0 , ±^2 3 a (4, fc U 3 6 a -Cfl-ffllSW 1 2 a 5.0^ 
70 ffllSaSl 3 al<ZW.*)ttllbtl2>o foC3 6 a 14, 

[0 0 5 2] * /<-» 17a, ftfltKffi 12a, 

rtusau 3 a%.u t ±&2 3 a (4, ^Xviasjn 

(-4f9, *SiO|EH^»Sa*aEffc-f4o 

«y»KspOJ6UJ: */<-«17a.MBtl2 
a , l*llB|ggB 1 3 a 51^11 2 3 a tfct3 6 a ttl 

20 i, ^IIBSl 2 aKO'niiSAl 3 a t±12 3 a t 

[0 0 5 3] f^t, a^-»l 7 a, *MM88B1 2 a 
RlKrtfflSaiSl 3 a£— ftUS^L, *-*LU±*2 
3 a £fri:3 6 aT-^f)#tt4«iti: LT^S^ Ztl 
IZ 4 I) , JiJ.T<7)f IJ *t4^ 1 4 o 

(1) *a 3 6 a(7>S$.^S<1-^c:t7!> s ai^, r;w5 

- -7 a t x t > w x t <n$mw&<r>mzfe'm-t w& % 
30 <hs <n; t^ta*4 0 

(2) OC36 ajhAtt**, ^-flSSIS 1 2 aSOWfl 
i«13aO*iO#+'i:>J:n, ^DTS^ffeKffl 
U-t*it* f tt*, ^WSSPl 2 aRUWfltttf 1 3 a 
t±I2 3 a tvm&Z-** «?^H 

[0054] (3) B3 (b) tc^-T4 9t-, (Hffl^SC 

1 2 c » tfAffitttt 1 3 c t±M2 3 a i: CO^ttfif^ 
^, -Hffl^SCl 2 cSMiiSl 3 c<0#"PSO^*^ 

40 4*)*>, -r^f ^a^^gSflo^ft^-t^m*, i 
it, HmWU 1 2 c SWWfifiC l 3 c t±l2 3 a t 

? y x o mt Sr E*ih-r 4 C b AW * 4 0 
(4) fl^-ffil 7 a, ^fflisasi 2 a, cSWII 
9513 a, c* ? -*T-*^wr*, »MJi-TkTf*>T-r> 
xmiz 4 4 > fcf- ^> XO^ft*E*Jhi- 4 £ t *«ttUtS 

4o 

[0 0 5 5] Htt*««iHr >-r^S15 1 1 a t^AgCl 
6atO«ggS15 (iXP) 0*«^iB¥iS (EI) ±IC 
50 14, ffiiH&R4t*Affi 1 6 a t mfi|0*«[tffl|jt-e*« 
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■j-i o aow-mmRvmmmm i 7 a<*« 

B&) i;$tiM:« &A6B1 6 a t&ftKtei, X n \zi& 
[0 0 5 6] U 0(4, ffllfrtUfO 

3 1 **U Mlfr«3 1 14, £8M*3 2 

#1 4<7>mWfrb2 6 mm (t7-b«;H fab "9 , *tl 

?ni£g£-#3 0C0rtBffMI4> S3 9 6 mm, 12 2 7 
mm-C£>>), ®*&1S3 1 OPliiiteHli 0 - 8 Ommt* 

[0 0 5 7] *A»1 6 aK(4, "7 -f * n 2 0 
a»<b*SttLfc*ilMf 2 l**attL"C*4o Sift* 2 1 K 
l±^|pHtie-&S3 5*«1R»)#T**), #|nJl$*S#»3 5 
(4, SMKfcSMffiHT^T^Wl 1 a t*ASU 6 a to 

■§-Sr««l«3 4 C4x.*. ftl]«SB3 4J4, 5-x.*>itfc|ft 
ffiff-Sf-KJ: T»iELfcK»»3 3 - hv<? *W 

3 1 cOf£fi£»Jflp-r*<, 

[0 0 5 8] ^**n«|fc«»2 0* t »«Ljfc-<?'<f*n 
7&(4, &WL I §2 1 ££&-CT >-r-f 1 0 aV&XUl 6 a 
KAItSil&o IWAIfSti, »ASG1 6 aj6*<bSIHK* 

Vr-fSU 1 a^*A$*t^T^^ni6tt, Strife! 1 
I7>ft»l 1 aSrSv^ciJfc^lSj^Jitf-t-^jlfifiSt 
LT, HH*#afe«aiT>7 i ^»l 1 artO»*#l 4* 

*eg«u wafTiRtt, sittiijftwarvx^asi 1 a 
o«rE» ap 4tt«-e« ^ l -cseatiftrt^* $ 

[0 0 5 9] lOi:^ St#Slift*fiT>7 i -*-«l 1 a 

4ffifTE10Ct^< < v-f^nt^«2. 45 
GHzClEUT, SStt^i^STV-r^SBl 2 a«1-g 
£, i5?2 7mm, (S7 Oraml^LUSo IW*- 

5s«*?s©MT>x^-a5i i artogimfti 4 

[0 0 6 0] ttz, tS4 0 0mm, 2 7mm<0§t 
ih«4*fflv\ S»#*«*aT> yaffil l aKJt»* 
^er = 2. 1C0t7d> (SSffifll) *l*HRLfc» 
£\ IR«3l«[«MT>x^«B5l l a<0*<l>rt><bS!M*3S?£ 
^MTVxf-SCl l aOilig^|6]C0^i^iT*^ft^, 3 
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■TUl 1 aOiiS^ri6j<0+*?:^R<Offi^|6]OS${i, 
«««^*MT>x^-SCl 1 al*i«r<2«-*-4-r>r*njft 

*fc*fflT> 7^851 1 artf«Lt, tfraELfcJ&fc 

JE-ftmSfcfcfc 1 ), T ^ft 1 0 aOQIi^laLt-f & c 
[ 0 0 6 1 1 #«□ 1 5 a , 15a, -14, ItifccoSiim 

a, 15 a, •••^fc&*JMftKO**j&*aittiU :©1 
70 #(4#it«4 fcii&LTRlt.fll aflNIASW. o 
t l), SI&S1 art-^y^X-^Sr^^-r^T^^nrS^ 
3fA£*t&<> 

[0 0 6 2] KI&Sl acofflg(Ci4, flfflfifcSji-r&S 

P2 2 3i»<bR)E&Sl a<7)^31S2 a l*KC^ <T> iT*t>*% 
A£*l& 0 »1I2 a<Oge»**>ifel-M:, R»W«r*« 
1-**&B6 3 *«K:itT* "9 , «Bi§r 3 (-(4-7 
•y 6 ^^LTAS^Sif 7#lt?firv>l, 0 ©ft 
&3 fc±i£L*:§tlL«4 tOKMIIi 1 2 0mmT-*^»c 
20 ifc, aOJ!E«KUli#|^n8a»nRLT* 

[0 0 6 3] C<D i t iV'f ^ ntrvXvMHi* 

P8^fj#mLT«taS2 art^^SOII^t -ejfiJEL 
fcf*, *^fAP2 2^6i&lS2 artUBE^Srft 
m-fZo -k^r~. 7^>ntiSS2 0*>?)-7'f^n$ 
^%ffiS-*ir> mi*|2 1*tT7'/ftl0a(: 

J0 >ftl 0a©P5Pl 5a, 1 5 a , —aOWjh«4 * 
iSiiLT&3S*2 art^fXSft, 5JLSM2 afii:^ 

[0 0 6 4] ZO>t$, ^l*Jtttt-fr»3 5(4, atttzftft 
f^^ftail 1 a tSASCl 6 a fc<Oii»^f)<?) 

4C4x.S. ftlJ«lSC3 4(4, #x.P>tt^tBM-?-»wi: 
•)> IEt!»SP3 3 - hvf y ^ftfllBlL, ^ n?S<o 
R»t*^«'h fc^^idtc, v^f^ n^S^-g 3 0 co® 
40 *&«3 1 Ott««r««l-*-*o 

[0 0 6 5] 136, 7(4, SfM**z£«S>T > t-^SU 1 
a t*A»l 6 a iO*tt»KT-f *n«USE£-»3 0 * 

I r I 4r, *mtttt-6«3 5 0*ffi||UJ:9W«Lfc. 

7'7XtcO^^^(4, H6tCi3V^T, Jf*m 
(47^^V, )E^(4 5. 3 3 Pa. T>f 9 nj^H^(4 1 
kWC*D, HI7{C^v>r, #X«(4C4 F«/CO/ 
50 O2 /Ar<0il^**^, IE^3I4 5. 3 3Pa. v^^d 
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[0 0 6 6] ^7 7*i9WJ:ii:, -7"f*nj£g-£ 
S (Efa- ?-) ftRSttT^ftt-IJ, T'f^n^S 

>7 , 7X7fl^ftt, MtefaWitLWitf 2 5 mm (TV 
x^-colfm#*ffi^'b<Offift7!» s 5 1mm) Oil, Stt 

*«*ouftofc 0 KWUrtWMSivc. r 

[0 0 6 7J :<0v^7nl7 , 7XvJJlliit-li, 

•y ^ >^ JR4-I i::* s aj*4o 

[0 0 6 8] ffi, ic7)T^ ? nSy^X-rMilt 

i±, m^tsfiftirfflrv^f-api i a tmxui 6 a to 

(»AP) O^iSlrfflTiS (Effi) _tU, 

[0 0 6 9] H8 (a) (4, S^«5^<b^^ * nto 1 
^«7> (A g) M*L*:*A*1 6 aOfifl (EH) ± 
(:v^?nftl^S3 0 (E-^i-f-) S:Rtt7tr>r- 
■7-<O0O*^-r¥MH-r-ab4o IH 8 (b) 14, 
■vf^nfcoiStfSfl- (A g) mtitc±.m.2 3a«2l 
gfUT'f ^n*»fr»3 0 (E^i-^-) ZWftzT> 

[0 0 7 0] 2. B9Ht*»PIfc«4-r'< , $' 

njfeT >-r-f 5.0^ * n&T^X-r&SlllgwfgjgS: 
^•tliffifMElT-* *) , HI OI±il9H^L7t-v"r^n?g 

z(7)-?4? Ufa.-? 1 ? x-vjtkmmm.it. #tiM£4tcy 

1 0 bti*WL<0ittfbtiX^2> a T>7~f 1 0 b 
14, ^ih«4 £8H 7 b (glllffl®) , WH 

Sff 1 2 b (#2«iB) , rtfiBSSei 3 b (%2 ffl®) 
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5^112 3 b (*3ffilffl) C tte, * M-gp 1 

7 b, ftUKftl 2 b, ftffllgffil 3 b5m2 3 b 

[0071] z<nn. 7J/N--6P i7b. wmmui 2 b 

1 3 bli, 7*-^-^Ayn7 ^^?>BIJI9 
mS*ir— #t LT«ft$*fCV»4o */<-«17bi: 
(4, aitt*«[*fiT>r"^»l 1 b 4 ?nr££H* 

*) &-f%,vmm<7>fflm 5 a, 15 a, attt#& 
iO tffflTVT^ffl 1 bOtta*K0H«#«t=H19;Lr* 

So 

[0 0 7 2] *M!«8B 1 2 b RimVUtto 1 3 b 14, S 
JSS1 aeof^tttlSI^HiartfC*!), -HfflSSPl 2 b 
IcRtt^gAPOJiBUtiattSI^MTVir^gBl 1 
b-wf *n«**A-r4Jt»<0*A»l 6 b (»2@ 
ttSS) SS^^MT>x^1 1 bOjtg^fatc 
5: 4 J: i KjglSLT**,, Z O^ASB 1 6 bRtm*k& 

; <mnT>7-i-%t>\ i bi*iicf±, t7d> (sara^) 
20 >mwi (4fiL<i4x7n» mommiti 4**i*i«l 

T*4o 

[0 0 7 3] H«»ift»fflT>f-^-»l 1 b t#ASPl 

6 b to«MSP (sap) K*ti6j-r4rtflma& 1 3 \><r> 

m (HI) tC(4, BfB^tt^atAWl 6btB*«»« 
««3tt r ab4-x'^^n^^4 0 (H^^-7") 
Ell 1 OT^ftl 0 b<7) I FM121S.a f iiif®llI 

1 7 b I4««) i:, »ASC 1 6 b bW.A 

[0 0 7 4] T^f ^niSS^-S4 Oii, #»*l*3U-€-0 

^<0ffl^&«4 1 ^#L> ffil&«4 1 14, 3d##4 2 S-^> 

4o S*M£4 10ffi»JS.ft{4, HI 2 tc^-tJ: o If 
m#:l 4©$W>f)5 3 mm (*7t'?H T*£> •) , 
*tJ: 4 0fEK*»f>liit4^riai^flr» , t4o 

?niS^S4 0cO|*|tBfffili, ft29 6mm, S22 
7mmr*abt), ««&«4 lOPT»tefflli0~8 Ommt:- 

[0 0 7 5] mXUl 6 bi:ii, 7/f^oMB2 0 
40 z)'t.iKLfc*«f2 i*SittLr*4o gi£«2 1 K 
(i*f6l14*S^g3 5*nR»)#r*»), *l«0tte^»3 5 
(±, SS^*?fi^aT>7-^ffl51 1 b t^ASCl 6 b t<0 

4 1 Ofefi«r»]»-r4. 

[0 0 7 6] VOOSMS2 O^SLTt^^f^o 
«I4, jftt«2 1 SrffiTT >-r^ 1 0 b O^ASS 1 6 b 
50 KAStSti-4,, COA»«l4, *Agi51 6 bfrbVUVim 
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17 



m.mmr>7-±u \ 1 b-,igA$*t&o m*km&mw.T 

MT>7--m \ 1 b*£^lcilt^Fifii^Jfiff1-*itff*fc 

4rl2*U WJlfHKtt, mm®L'*aT> 1 b 
OlftfSg A □ \Z n M-t Z> ttffi T*®?^ L T S 

i boi*i®i:, 0fsgonRi-r«^:««9-r«9E«<a3t-r 

[0 0 7 7] :«iH-70nt/7Xvj4illI«: 

fcf£, 7J**gAP2 2*^toaS2 artURJc.JtfXfctt 
£f&ffi£-£> fM«St2 l^T7>ftl Obi: 
>ft 1 0 bOggp 1 5 a, 1 5 a, — R0 ! »lh«4 * 

[0 0 7 8] ^|6ltttt-fr»3 5 14, flttttttt 

fl7>ftSI!l 1 b tmXUl 6 b fcO«tt»;i»<bO 

4*c#x4 0 filJ»g|S4 4l4, ^xfcft.fctftm«-*KJ: 

*&«4 1 OffiH *«»■*- 4 „ 
[0 0 7 9] iOW^n&y^X-T&LSgfi-eii, 50 

\Z7.9 -rm^l-z- - i- fcSSHtfc <tt AWi:^ yf-vy 

£nx&>i 1 t we**. 3assr, v^^ntusstr 

[0 0 8 0] i^. I<?)v^?Df7'7X-7ffiIiif 
(4, SH**ifc*iB7>f"*-«l 1 b fc*A»l 6 b t<D 

mmu (*ap) wtifli-r4i*j«*i 3 bco® (hd *o 

ic, *n&g-g-&4 0 (h*-a— £f£itT;fc£ 
i: x T-f *njfeiE*»*RltT*Av». *«*0>j&R** 

*u&<r>BM*m&mzmmirz>z 

[0 0 8 1] HI 3 (a) 14, W6&&frh-*< ? ufaff) 
lttAfl- (A g) Ri*t7t:*ASCl 6 bOSK® (HI) 
JiHT^^n«E»^»4 0 (Hfa-t) *K«tfc7> 50 




75 

T--7-O0!)*7F-t¥ffillIT-*>^o HI 3 (b) 14, ggJSC 
^T^n&Ol&gifr (A g) 8t;h.;tF*Jffl|&l 3 b 
O2lffCv^7DftS^4 0 (H^o.--?-) *K»t 

[0082] ft, ±se Ltzm&vymm 1 , 2 -e<4, 
-ei4, 7>f?D$s^s3o (E^i--7-) i&vtmw. 

§I7>ftSfl 1 aKl£«fl§U * 
SB1 1 bClMILtv^^ HI 4<7)T>7 i ^l 0 

c^mmRu'mmmm^-rxo^, it«?sti7 

^■J-ttl 1 c fc*A»l 6 c icD«i^g£ (SAP) O 
&&«{I¥I5 (EI) _ti:, vOn«t^S3 0 (E 

£&A8&1 6 c fc*fttzfc4 «fc •? KlSIHt, 
«ltfl7^7tffil 1 c fc*A»l 6 c t<n&m.w 
(jfAP) i=*tl*l-f*rt1lll*l 3bOffi (HI) C, -7 
OntMg4 0 (H-f-o.-^-) **A»1 3 c fcfc 

Acftiio cisitr *> , m&a*b**{*& i t a*a* 

J, it Hi:, @4, 8, 11, 13, 1 4 i:^L 
[0 0 8 3] it att^ttMraiT^-HWfcSAtti: 

[0 0 8 4] i/c, Hi:, HI 5 C/jrT £•?&:, 
f$lfl7 >x-7-SCl 1 d t*A»l 6 dt<7)mWcU 

(SAP) *IR^?&irS!r>x^SI51 1 dO±li:» 
It, *AfflH 6d«r±*twSitt:R»t7t*ft-e<>, 
»f*d£K^"f 7n$S^H5 0*^itJCti:4 « 

a jfej o 

[0 0 8 5] 

[«wos»*] mi-3&mizmz>-?'(?ufe7yy-r 

i:4*tl4, «SESBT*<0T-f ^DiSoStt^PPSiJ-rJCt 
^a*, «SSc<0BaP5J^«&^<-7^^nj&Sr«ii)di-r 

c t**a*j 0 

[0 0 8 6] i4^c«57-f^DS7>fti:J;ii. 
if, «»«o*»*rtoffi«tii!»ur, &m&x-<D4 
y tf - r > x * j£«H t: Z> £ t ^a * J <o 

t7> j a*j 0 

[0 0 8 7] ^S^^^Jv^^njSTV^-T-Uitt 

if, *i*E»o#A**p»Lr, ttsttt-co-f 
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[0 0 8 8] ^6f&^t;#^-v^^o^T>x-f t-itv 
[0 0 9 0] »8||ggtc#^v^^o^T>'r^-iZ±tt 

/vT ( E r) te*fits<&£ ( e r im&tt-vstm'm 

[0 0 9 1] #9, 1 os&w-#-&-*"f $'^^£7:'7 u ■?- 
m 1 fflM t ft 2 fflS t (Ofti^it: iJSi ttRttrt* 
o * > tr - *r > x * A» k Jfc « £ t a*ffl * £ . 

[0 0 9 2] $1 1, 1 2^m^%i,-v^ ^a^7>f- 

tiawmzti. mmu<r>^ > v-ysxwt&vttiiz 40 

[0 0 9 3] mi 3HlC#5-7'f^o«y7X7j|l 

-m&ma < ^A-r * c t tfthtez^-i 7 Ufa?? xv 

[0 0 9 4] ft 1 4 5IW(C#-&vW ? njfcX?X-r#i3£ 

m® t »iL8W£ a 0 * /<-»**■ t oi&.s.m&iz x 
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[iiiiB^mm^iJi^] 

[Eli] ^f^K^-^-f ^nrfir>x^-s.o f -7-<^D 
i£ 7"7 X-T$n.Jl»fi<7>fitji «• ^-tffl if ®0 f * 4 o 
[122] 0 1 i:f ? D?ftr ^ftS^'f f o 

[12 3] ±mmm<7>ijt±mwm~?z>2>o 

[04] r>f-*0¥HBRir«»f1Hia-C**o 

lias] T>r fumm^^m^m-rmmmmxii 

O 

[I26] fl«#«*air>f"J-»fc*A«i:0«««H 

^4*vWiitE&&*ttMLtzztiz£z>%)mzmiryy 

[07] «W«tt«9TV7-^tfi:*Xffj:«>«it»l= 

[0 8] «MSt*'^^ ^ d$« l Ift^liifctf I: 

[139] *5&W(c«*v>f ^njfer>x^a^>f^n 
[Ell 0] H9i:^Lfcv>f ^u^tVt-^-S^^^ 
[Ull] T>-r^O5pffiSR0 f ffllBfffiEI"e*^o 

[hi 2] ^^^ri^m^ommim-rmmmmr^ 

o 

[013] mffiWfrh-rJ ? uifatn 1 jftft»«*Lfcfi:« 
XihZx, 

[014] r >7-^O^FM0Sy f 1SIBfM0T-ab4o 
[015] Mtt.&WL<&M7>7-i-BtmxUte>®iim 

[016] ffcfcOT'f *njfty?XTj&«*«0:|»Ji«: 

^-rnif®0T-*4o 

[017] ^*<o-7^^nrsy9X-7^a^e<o»ii^ 
^i-¥®0T-^>4o 

1 a Rt&S 

2 a #13^ 
3 

4 m±m (m±mt) 

10 a, 10 b, 10c 7>y-i- 

11a, lib, 11c, lid mm®L l &MT>7- 

12a, 12b, 12c W-mmW (i2II) 

13a, 13b, 13c flffllgW (»2ffllW) 
1 4 SlUtt 
15a 
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16a, 16b, 16c, 16d (3£ 2 W4*c 

W) 

17 a, 17b J]'<-W (ft 1 fflffi) 
2 0 v^^n^UffiH 
2 1 

2 2 #;*#AP 

2 3 a, 2 3 b ±M (*3Iffi) 

3 0 (E^a-^-) 
3 1,41 



(12) ^S2 0 0 1 -3 2 0 2 2 7 

22 

3 2,4 2 3C#1$ 
3 3,4 3 IPI 
3 4, 4 4 

3 5 #fatt*frfr» (ffctttfl) 

3 6a fat 

4 0 v-f^ntS^S (Hfa-t) 

5 0 -r-f^naafrfrft 
W tt& 



[01] 



1 1 a 



10a 7^9+ 
13a ^ r 33Bl»a5 



-34 



12a 



1 7 a nn-m _ V ' 



1 4 23a ±S 





30 E?i-± 
J 6a 



^ZZZZMZ 



r 16a 35 




r 

21 



-22 ^*AD 



S 
20 



[HI 2] 



[115] 



12a 



1 5a 



1 a 



17a 
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[B3] 



[@4] 




( b) 



[B5] 



ft 



1.0 
0.9 
0.8 
0.7 
0.6 
0.5 




5? 0.4 
§ 0.3 
© 0.2 
0.1 
0.0 





5. 33Pa 


\ / 


A r = 1 OOOmL/m i n 




1 kW 



10 20 30 40 50 
SIMSEKllS (mm) 

[117] 



60 



70 



80 



*7-fe<V H26 mm) 



•14 



VZZZZZZZZZZZ^ " 6 • «*» 1 



fcti 




#XS£:5. 3 3Pa 
^atfi:C4F8/CO/02/Ar 

= 30/184/1 7/1 080 
7«f^D£ffi2:2kW mL/min 



30 40 50 
SSlSfiGMuH (mm) 



80 



-13- 



(14) 



001-320227 



[08] 



[Ull] 




11 8 

23 8 / 30 



20 

16a / / 




[BI9] 



1 1 b 



10b 

7>x:^ 4 3BK3 



-22 xxmxa 




57 
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fcflgS&tti vnoz^ 1*1 

***JE«MTtMfe*ri»8-f- ttttll 
flttl&fttt^ttlfeCVJintn 



(72)^HH# 5iH 

*#»:m^TtT^||IBr 1*8-1- ttStSI 

(72)§£9§# LiJT « 

F ? - A (##) 4G075 AA24 BC06 CA26 CA47 DA02 
EB01 EB41 EC06 EC30 EE02 

5F004 AA16 BA20 BB14 BB16 BB18 
BB32 CA03 DA23 

5J045 AA01 BA02 DA04 HA01 



